v' The vascular relationships of the trigeminal nerve root entry zone were examined bilaterally in 20 cadavers of individuals known to be free of facial pain. Fourteen of 40 nerves made contact with an artery, but only four of these showed evidence of compression or distortion of the nerve. In addition, the vascular relationships of 40 trigeminal nerves exposed surgically for treatment of trigeminal neuralgia were studied, and 31 nerves showed compression by adjacent arteries. Venous compression was seen in four of the cadaver nerves and in eight nerves from patients with trigeminal neuralgia. These data support the hypothesis that arterial compression of the trigeminal nerve is associated with trigeminal neuralgia.
C
USHING hypothesized that obscure palsies of the cranial nerves might be caused by compression of the nerves by arteries near the brain stem. Dandy 2 found that 30.7% of cases of trigeminal neuralgia in which he exposed the nerve in the posterior fossa had compression and distortion of the trigeminal nerve by the superior cerebellar artery. He hypothesized that this might be an etiological factor in trigeminal neuralgia. This theory has recently been revived by Jannetta, 6 and an operation based upon it has been used in clinical practiceJ , 9 The association between vascular compression of the trigeminal nerve and trigeminal neuralgia has remained controversial, however; some authors 5 have stated that the finding of intimate neurovascular relations may be common in normal people, and therefore coincidental in those with facial pain. It is the purpose of this investigation to compare surgical observations in patients with trigeminal neuralgia with anatomical findings in a population free of facial pain.
Materials and Methods
Forty trigeminal nerves in 20 adult cadavers with no history of facial pain were examined, with special attention to the vascular relationships of the nerve at its root entry zone (defined as the first centimeter of nerve after it has emerged from the pons). After the calvarium was removed and a midcollicular section of the brain stem performed to remove the cerebral hemispheres, the tentorium cerebelli was divided along its petrous attachments bilaterally and reflected posterolaterally to expose the trigeminal nerve in the cerebellopontine angle. The nerve was then examined through a surgical microscope under • 3 to • 12.5 magnification, first with the arachnoid intact, and then after the arachnoid had been removed with care to prevent displacement of the vessels. The cadavers were examined within 18 hours of death and before fixation or perfusion of the cerebral vessels.
Forty trigeminal nerves (20 right side and 20 left side) were examined in patients with trigeminal neuralgia. This was accomplished by reviewing video tapes, movies, or photographs made during posterior fossa exposure performed for microvascular decompression of the nerve. For inclusion in the study, it was required that, in addition to availability of technically adequate visual records of the procedure, the patient should have presented initially with episodic brief lancinating pain, restricted to the trigeminal distribution on one side of the face, have initially responded favorably to treatment with carbamazepine and/or phenytoin, and should not have any other demonstrable etiology for the pain. Figure 1 presents sketches of the vascular relationships of the trigeminal nerve root entry zone in 20 cadavers. Figure 2 presents the same information from the 40 patients with trigeminal neuralgia. Solid red and blue lines represent visible arteries and veins, respectively, and dotted lines indicate portions of the vessels hidden from view by part of the nerve. The hidden course of the vessel could be extrapolated from the visible portions of the vessel and the shape of the vessel seen after the microvascular decompression procedure was performed.
Results
The relationship between nerve and vessel was classified into one of three categories. Vessels that passed between the nerve and the brain stem (in the potential space called the "axilla" of the nerve) or that actually passed through the nerve were considered to compress or distort the nerve. In addition, any vessel lying upon the surface of the nerve which left a visible groove in the nerve was also considered compressive. Some vessels merely came into contact with the nerve without causing distortion, and these were classified as "touching." The final category included all nerves without vascular contacts. The classification of each nerve is indicated in the legends for Figs. 1 and 2. Tables 1 and 2 present the statistical tabulation of this classification. No difference between the right and left sides was found, therefore analysis was carried out on the combined data. This method requires the assumption that the vascular configurations on the two sides are independent of each other, an assumption that may be reasonable with reference to trigeminal neuralgia, which is predominantly a unilateral disease. Table 3 classifies the types of vascular compression found. In 92.5% of the patients, but only 17.5% of the cadavers, compressive lesions were found. The majority of compressive lesions in the patients were arterial.
Discussion
Hardy and Rhoton 5 found that 29 of 50 (58%) trigeminal nerves examined in cadavers had some contact with an artery. They stated that not all contacts produced distortion, and not all were at the root entry zone, but they did not quantify these statements. In our series, neurovascular contact was seen in 35% of cadavers. The difference is within the limits of statistical variation (overlapping binomial confidence intervals of 43% to 72% and 21% to 52%, respectively). The superior cerebellar artery was responsible for the majority of these contacts (87% in Hardy and Rhoton's series, and 100% in our series). In our series, most (10 of 14) contacts did not distort the nerve.
In contrast, the patients with trigeminal neuralgia had a significantly higher proportion of arterial contact with the nerve (34 of 40, or 85%), and all but two S. J. Haines, P. J. Jannetta and D. S. Zorub of the contacts distorted the nerve. Of 35 contacts with 34 nerves, 31 involved the superior cerebellar artery, three the anterior inferior cerebellar artery, and one the basilar artery (this jointly with the superior cerebellar artery). Chi-square for Table 1 is highly significant, indicating a clear association between the presence of trigeminal neuralgia and the presence of an arterial compressive lesion of the trigeminal nerve root entry zone.
More important than the numerical difference in distorting contacts is the qualitative difference in the type of contact made. Inspection of Fig. 2 shows that the predominant configuration in trigeminal neuralgia is a deep caudal loop of the superior cerebellar artery which passes between the ports and the trigeminal nerve and cross-compresses at least 50% of the nerve trunk. This is schematically shown in Fig. 3 . Such a configuration was not seen in any of our cadavers, nor in those of Hardy and Rhoton, but was present in 22 of 40 patients with trigeminal neuralgia. While perforation and distortion of the nerve by arteries has been reported by Sunderland, s he had clinical correlation for only one patient who had a persistent basilarinternal carotid artery anastomosis, and we cannot be sure that the others were pain-free. The looping configuration of the superior cerebellar artery has previously been found at autopsy in a patient with trigeminal neuralgia, 4 and to our knowledge has not been reported in a person known to be free of trigeminal neuralgia.
Venous compression of the trigeminal nerve was noted by Dandy 2 in 14% of his cases of trigeminal neuralgia, but has not been commented upon by other authors. Such compression was evident in 10% of the cadavers and 20% of the patients in our series. Chisquare for Table 2 is quite small, and does not allow a conclusion of significant difference to be drawn. However, the small sample size of this study makes it unlikely that a difference of small magnitude could be detected if it were actually present in the general population, a The number of nerves touched but not compressed by veins in both groups was identical (22.5%). Our data do not support, but do not exclude, the possibility that venous compression of the trigeminal nerve may be associated with trigeminal neuralgia.
A study such as this has many limitations. Vessels at postmortem examination are not distended with blood, and compression of adjacent structures may be difficult to detect because of this. There is concern that the vessels may change position during the process of exposing the brain stem, even when care is taken to avoid this. In our experience, this risk is greatest when the arachnoid is being removed, as it was in Hardy and Rhoton's study. Vessels have been seen to move both toward and away from adjacent nerves during this process.
The necessity for relying on videotapes and other photographic documentation for the patients with Mierovaseular relations of the trigeminal nerve trigeminal neuralgia introduces further difficulties. The exposure of the nerve is necessarily more limited than in the cadavers, and the loss of three-dimensional vision which the operating surgeon has can make distortion more difficult to detect. This may explain why not all of the cases thought to show compression at the time of operation could be classified as showing compression on the videotapes. Neither the cadaver nor the patient series can be considered to be a random sample of their respective populations. Postmortem examinations follow hospitalization for serious illness, and tend to involve a relatively elderly population. The patient series was selected first by the process of referral for the surgical procedure, by the preoperative screening for associated diseases, and by the availability of visual records of the procedure. This latter selection could be of significance, but we are able to find no systematic bias in the choice of patients for videotaping. An effort was made to tape every procedure performed when equipment was available, and tapes were not made or retained because of specific operative findings, results, or with regard to the operating surgeon. The patients were selected for inclusion without knowledge of the operative findings or surgical results. The findings seem to be representative of the entire series of patients with trigeminal neuralgia operated on at our institution.
There is a difference in age between the cadaver and patient series, with a mean of 64.4 years for the former, and 54.5 years for the latter. However, greater age should increase the atherosclerotic lengthening and tortuosity of the vessels under study, and bias the results toward an increased incidence of compression in the cadaver series.
In spite of these limitations, one fact emerges clearly from these findings. There is a definite association between arterial compression or distortion of the trigeminal nerve and the presence of trigeminal neuralgia. The difference between arterial contacts in those with and without trigeminal neuralgia is both quantitatively and qualitatively significant, with the degree of compression being much greater in the patient series.
We cannot draw causal or pathophysiological inferences from these data. It is clear that there are causes of trigeminal neuralgia other than vascular compression, such as the demyelinating plaques of multiple sclerosis. While 92.5% of the patients in this study showed vascular compression of the nerve, 12.5% exhibited solely venous compressions, and the data regarding venous compression are less clear than those for arterial compression. It is also probable that there can be significant arterial distortion of the nerve without trigeminal neuralgia, but our study and those of Sunderland, 8 and Hardy and Rhoton 5 would make this seem to be a rare occurrence. On the other hand, the vast majority of cases of trigeminal neuralgia have been considered to be idiopathic, and approximately 80% of these patients now appear to have arterial S. J. H a i n e s , P. J. J a n n e t t a a n d D. S. Z o r u b compressive lesions of their trigeminal nerve. It also appears that decompression of the nerve leads to relief of pain in a large number of cases. 7,9
